Mouth 




Figure 1.2; The Digestive System of a Horse. 




Table 13: The major structural sections, capacity and fimction of the digestive system of a 500 kg horse. 
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SOME PHYSIOLOGICAL EFFECTS OF SODIUM 
BICARBONATE IN DIETS OF YEARLING HORSES 1 

N. R. Deuel, W. W. Albert and P. C. Harrison 

University of Illinois, Urbana» Illinois 61801 2 

Summary 

A study was made of the physiological effects of adding sodium bicar- 
bonate to growth diets for yearling Quarter Horses, Four treatment groups 
of four horses each were fed corn-soybean meal-alfalfa based diets for 140 
days: (1) control, (2) 1% added NaHC0 3 , (3) 1% added commercial vitamin- 
mineral mixture, (4) 1% added NaHC0 3 + 1% added vitamin-mineral mixture. 
Measurements taken every 28 days included individual weights, respiration 
rates, fecal pH, urine pH; venous pC02» pH and packed cell volume; and 
venous serum sodium, chloride, potassium, calcium, and phosphorus. 

Weight changes were not significantly affected by treatments. In- 
creased pH of feeds was associated with increased respiration rates, de- 
creased venous pC0 2 » decreased venous pH, increased packed cell volume, 
increased serum potassium, increased serum phosphorus, and decreased serum 
chloride. Feed pH had little effect on serum sodium and calcium. Feed 
pH was positively correlated with urine pH and showed a moderate negative 
correlation with fecal pH. 

Observations suggested that chronic ingestion of 1% sodium bicarbonate 
was associated with a tendency toward metabolic acidosis, partially compensated 
by respiratory alkalosis. 

Introduction 

According to reviews by Baker and Harrison (1979) and Trenkle (1979) 
some beneficial effects have resulted from the inclusion of sodium bicar- 
bonate in diets of cattle, swine, and poultry. Currently, sodium bicar- 
bonate is being added to some horse diets without researched evidence of 
its chronic effects. 

Acidosis associated with exhaustion was observed in racehorses by 
Krzywanek (1974) . The accumulation of lactic acid may be one of the limit- 
ing factors In muscular performance of the horse. Metabolic acidosis also 
has been associated with severe shock and colic in horses (Rose, 1981). It 
has been speculated that the addition of sodium bicarbonate to horse diets 
may ameliorate acidosis. 

The purposes of this study were (1) to compare weight changes of year- 
ling Quarter Horses fed similar diets with and without sodium bicarbonate; 
(2) to assess the physiological effects of chronic ingestion of sodium 
bicarbonate on the acid-base balance of the horse; and (3) to observe 
possible interactions between diet supplementation with a commercial vitamin- 
mineral mixture and addition of sodium bicarbonate. 



"The authors wish to acknowledge partial support of this research by Conagra, 
.Inc., Omaha, NB 68131. 
Department of Animal Science. 



Experimental Procedure 



Sixteen Quarter Horse yearlings were randomly allotted into four groups 
of three fillies and one gelding each. All except one purchased filly had 
similar bloodlines and had been raised in similar environments at the 
University of Illinois. 

Each horse was vaccinated for tetanus and equine encephalomyelitis, 
and given an intramuscular multivitamin injection providing 1,000,000 
U.S. P. units of Vitamin A. Horses were treated for internal parasites 
just prior to the study and again midway through the study. 

All horses were fed the control diet for fourteen days prior to 
the start of the study (table 1) . Thereafter horses were lot-fed their 
respective test diets for 140 days. Diets were formulated to meet sug- 
gested NRC (1978) requirements for yearling horses. Sodium bicarbonate 
was added at one percent by weight of the total feed to two treatment 
diets and a commercial vitamin-mineral mixture^* was added at one percent 
to two treatment diets, using a 2 x 2 factorial design. 

The concentrate portion of the feed was pellet ted and was fed at 
approximately 0900 daily. Hay was fed at 1600. Water was continually 
available. Test parameters were measured in the morning (0700-1000) 
prior to feeding, with care taken to minimize excitement and disturbance 
of horses. Ambient temperatures ranged from 45-85 °F (7-29 °C) during 
sampling times during the course of the 140-day study. 

Individual weights and respiratory rates were recorded two days apart 
at the beginning of the study and repeated at 28-day intervals (table 2) . 
Respiratory rates were measured by visual observation of flank movements. 

Three venous jugular blood samples were drawn from each horse every 
28 days. The first sample of whole blood was collected anaeroblcally in 
a heparinized glass syringe, stored in ice, and was analyzed within two 
hours for pH and pC02 • Packed cell volume was measured by the micro- 
hematocrit technique. The third sample was allowed to clot, centrifuged, 
and the serum was frozen for subsequent analyses for sodium, chloride, 
potassium, calcium, and phosphorus concentrations. 

Two days after blood collections, individual fecal grab samples and 
urine specimens were taken and analyzed for pH. To facilitate urine sam- 
pling, 2 1/2 cc of furosemide (Lasix) was injected intravenously into each 
horse. 

Feed pellets were analyzed for pH. Digestibilities of test diets are 
currently being determined. 



Sleek, courtesy of Conagra, Inc., Omaha, NB 68131. 
Instrumentation Laboratory Micro 13 Digital pH/Blood gas analyzer. 
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Re suits 

Feed additives caused marked differences in the pH of the pellets 
(table 1). The vitamin-mineral pellets (pH 5.780) and the control pellets 
(pH 6.005) were the most acidic, while the NaHCO^ + vitamin-mineral pellets 
(pH 7.508) and NaHCO^ pellets (pH7.872) were more alkaline. 

Variations in pH of feed were reflected in alterations in several 
physiological parameters (table 2) . Yearlings fed higher pH diets had 
higher respiration rates. Feed pH was positively correlated with urine 
pH (corr. coef. - .9723) and was negatively correlated with fecal pH 
(corr. coef. =*-.7588). Venous blood of horses receiving bicarbonate had 
lower pH and lower pC0 2 values. Average packed cell volumes were greatest 
for horses fed bicarbonate. 

An analysis of venous serum mineral levels showed that increased feed 
pH was associated with increased potassium, increased phosphorus, and 
decreased chloride concentrations. Sodium levels appeared unaffected by 
feed pH but were decreased in the two vitamin-mineral treatments. Calcium 
concentrations were lower than control values in the NaHCO^ and the vitamin- 
mineral treatments, while the lowest mean serum calcium level was observed 
in the NaHC03 + vitamin-mineral treatment. 

Weight gains were not affected by treatments. The larger average 
daily gain in the vitamin-mineral treatment can probably be attributed 
to compensatory growth of the purchased filly that began the study in a 
noticeably thin condition. 

Discussion 

The high correlation of feed pH with urine pH in this study may be a 
result of renal compensation for excess absorbed bicarbonate. Elevations 
in packed cell volume in bicarbonate treatments may be attributed to a 
diuretic effect resulting in increased water loss in the effort to main- 
tain acid-base balance. 

It is thought that the cecum and large intestine of equines are impor- 
tant sites of fiber digestion, and it has been observed that the pH of ter- 
minal colon digesta is similer to that of cecal contents (Kern et al. , 1974) . 
It may be speculated that the reduced pH of colon digesta in this study may 
have been associated with a reduced cecal pH, altered microbial populations 
in the gut and/or reduced digestibility of some feedstuffs. Low fecal pH 
has been associated with reduced digestibility of starch in cattle fed high 
concentrate rations (Wheeler and Noller, 1977). Goldberger (1965) suggested 
that reduced fecal pH may be a result of (1) increased uptake of bicarbonate 
ions from the gastrointestinal tract, perhaps due to increased activity of 
carbonic anhydrase; (2) decreased secretion of bicarbonate; and/or (3) in- 
creased secretion of hydrogen, chloride, and potassium ions. The altera- 
in fecal pH of this study, however, were not associated with weight changes. 
Digestibilities of test diets are currently being determined. 
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The observed trends in venous pH, pC02, and respiratory rate are con- 
sistent with a tendency toward metabolic acidosis partially compensated by 
a respiratory alkalosis (Goldberger, 1965; Rose, 1981). These same trends 
in venous pH and pC0 2 have been observed by Milne (1974) in horses with a 
compensated metabolic acidosis during exercise. Chronic ingestion of sodium 
bicarbonate may thus serve to exacerbate acidotic syndromes during exercise, 
rather than ameliorate them. 

Goldberger (1965) and Rose (1981) suggested that metabolic acidosis 
may occur as a result of (1) increased production and/or retention of acids 
normally produced in the body, such as sulfuric, phosphoric , and organic 
acids; or (2) increased loss of base, such as bicarbonate. Goldberger (1965) 
further observed that carbonic anhydrase in the kidney tubular cells normally 
acts to conserve bicarbonate in the body. If the activity of this enzyme is 
inhibited, large amounts of sodium bicarbonate and water are excreted in the 
urine. This causes a diuresis and an acidosis, due to the loss of bicarbonate. 
With a rise in urine pH, an increased amount of potassium is lost in the urine 
due to an exchange mechanism between potassium and hydrogen ions. 

Elevated levels of venous serum potassium in horses are often concomi- 
tant with acidosis. Normally, 98 percent of body potassium resides intra- 
cellular ly. It has been noted that when the pH of extracellular fluids 
decreases, a shift of potassium ions occurs from intracellular to extra- 
cellular space. Rose (1981) observed that, for this reason, plasma potassium 
values tend not to reflect the total body potassium balance* Potassium deple- 
tion may occur even while serum levels are normal or elevated. These observa- 
tions may account for the elevated serum potassium levels in bicarbonate treat- 
ments in this study. 

The diuretic effect postulated in this study was likely associated with 
a loss of cations such as sodium, potassium, and calcium ions in the urine, 
Goldberger (1965) suggested that a resultant drop in serum calcium would 
cause an elevation in serum inorganic phosphate levels. The observed in- 
crease in serum phosphorus in bicarbonate treatments may be due to these 
effects. The decreased serum chloride levels in horses receiving bicar- 
bonate may have been due to chloride secretion with hydrogen ions into the 
gastrointestinal tract or an effort to maintain osmotic balance in the 
presence of continual loss of cations in the urine. 

As excess hydrogen ions from an acidosis situation react with absorbed 
bicarbonate ions in the blood, carbonic acid is formed. This dissociates 
into water and carbon dioxide. The respiratory center in the medulla and 
chemoreceptors in the aortic arch and carotid sinus are sensitive to the 
partial pressure of carbon dioxide and pH'of the blood. Yearlings fed 
sodium bicarbonate in this study probably increased their respiratory rate 
in an effort to remove excess carbon dioxide through the lungs. This may 
have resulted in the decreased venous pC02 levels observed in these horses, 
indicative of a tendency toward respiratory alkalosis. 

Further research is needed to elucidate the physiological effects of 
ingestion of sodium bicarbonate by horses, particularly with reference to 
exercise physiology. 
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TABLE 1. COMPOSITION OF DIETS t AS FED, DAILY 



Treatments 



Item 



Pellets, total, kg 
Corn, kg 

Soybean meal, kg 
Dried molasses, kg 
Iodized salt, kg 
Coloring marker, kg 
Sodium bicarbonate, kg 
Vitamin-mineral mixture, kg 

Alfalfa hay, kg 

Total feed, kg 

Sodium bicarbonate, 

percent of total feed 

Vitamin-mineral mixture, 
percent of total feed 



Pellets, pH 1 











Control 


+NaHC03 


+v it am in- 


•fvitamin- 




mineral 


mineral 






mixture 


mixture 


10.89 


11.23 


11.23 


11.57 


6.79 


6.79 


6.79 


6.78 


3.52 


3.52 


3.52 


3.52 


.51 


.51 


.51 


.51 


.054 


.054 


.054 


.054 


.011 


.011 


.011 


.011 




.338 




.337 






.348 


.348 


21.77 


21.77 


21.77 


21.77 


32.66 


33.00 


33.00 


33.34 




1.02 




1.01 






1.05 


1.04 


6.005 


7.872 


5.780 


7.508 



Means of 4 samples per treatment. 
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IABLE 2. PHYSIOLOGICAL EFFECTS OF SODIUM BICARBONATE 
AND VITAMIN-MINERAL ADDITION TO DIETS OF 
YEARLING HORSES 



Treatments 



Item 


Control 


+NaHC0 3 


4vitamin- 
mineral 
mixture 


+NaHC0 3 
•Witamin- 
mineral 
mixture 


Average daily gain, kg/day 1 


.287 


.287 


.353 


.287 


Respiration rate, min" 1 2 


11.7 


12.6 


11.7 


12.1 


v pH 3 


7.4258 


7.. 4105 


7.4356 


7.4165 


v pC0 2l mmHg 3 


49.41 


48.33 


49.07 


47.74 


Packed cell volume, % 3 
Serum sodium, Meg/1 3 


36.8 


39.1 


37.5 


39.4 


138.9 


138.0 


136.1 


137.9 


Serum chloride, Meg/1 3 


97.2 


96.6 


97.0 


96.4 


Serum potassium, Meg/1 3 
Serum calcium, mg/dl 3 


3.94 


3.95 


3.80 


4.04 


12.00 


11.90 


11.90 


11.62 


Serum phosphorus, Meg/1 3 


5.35 


5.51 


5.34 


5.60 


Urine pH 3 


7.733 


7.861 


7.667 


7.859 


Fecal pH 3 


6.853 


6.720 


6.790 


6.595 



gleans from 4 horses per treatment over duration of study. 

Means of 10 periodic samples from each of 4 horses per treatment over duration of 
( study. 

Means of 5 periodic samples from each of 4 horses per treatment over duration of 
study. 
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